In silico experiments to substantiate attenuated hemodynamics 5 6
1
In silico experiments to substantiate attenuated hemodynamics 5 6
As we specifically instructed our subjects to refrain from head movements, our raw signals must 7 have contained a mixture of systemic cardiovascular, local vascular and local neural contributions. In 8 terms of the relationship between oxy-(HbO) and deoxyhemoglobin (HbR), either correlated or 9 anticorrelated fluctuations are elicited by these influences. The purpose of correlation-based signal 10 improvement (CBSI) -the preprocessing step used in this study -is to enhance the separation of 11 neurogenic and vasogenic fluctuations based on their differing influence on the strength of HbO-HbR 12 relationship. At this end, our aim in these in silico experiments was to assess their cross-correlation 13 during a "perturbation" (representing functional hyperemia) for enhancing the interpretation of the 14 relative and time-varying impact of oxygen extraction (due to neural activity), local and systemic 15 vascular effects. 16
17
The model of Buxton et al. (Buxton et al., 1998 ) treats the regional vascular compartment (i.e. 18 the one being connected to a perforating artery in the brain cortex) as a "balloon" with given 19 viscoelastic properties. The actual size of the balloon is determined by the balance between its arterial 20 blood inflow, fin(t), and venous blood outflow, fout(t). The latter at constant cerebral oxygen 21 consumption -via the oxygen content of blood within the balloon -will determine the time course 22 of oxygen-dependent modalities such as BOLD (blood oxygen level dependent signal) (Buxton et observed between young and elderly group measurement groups. Hemodynamic response to neural 33 activity was treated as an input of the balloon model simulated by transients in blood inflow, (fin). fin(t) 34 can be described in a combination of relative baseline (f0), direction and magnitude (Δf) of change as 35
The ascending and descending part of fin(t) was modelled with a gamma variate function (GVF), 36
where t refers to real time, tp denotes the peak time of the GVF and δ is a dispersional parameter set to 37 5.21 in the entire in silico study (Herman et al., 2009 ). The duration of the transient is determined by 38 tp, which was set to 1.8 s in all simulations. Values to Δf and tp were assigned to achieve a reasonable 39 match the CBF response to a step change in arterial blood pressure decaying in about 5 seconds (Aaslid 40 et al., 1989) . The effect of perturbed fin(t) on balloon-level hemodynamics was investigated for a single-41 cycle response within the time frame of simulation starting with zero time, t0 ( Figure S1 ). The balloon 42
properties are described by two RC-components (representing resistance and compliance) with a 43 characteristic time (τ) describing transit (subscript 0) and "post stimulus undershoot" (subscript v). By 44 solving the differential equation system (Eqs. S2-S4), the dynamics of oxygen extraction fraction (E) 45 from the balloon, HbO and HbR were obtained as predictions of these in silico experiments. 46
47
A testing framework was designed to evaluate the influence of baseline perfusion, frequency 48 of hemodynamic response and viscoelastic properties on the HbO-HbR cross-correlation. The relative 49 values chosen for f0 were: 0, 0.3 and 1 corresponding to zero, low or normal baseline flow, respectively. 50
The balloon dynamics was analyzed for periodic times (T) set to 12, 20, 60, 300 and 1200 seconds. 51
The hemodynamic transient brought about by neurovascular coupling was altered by varying τ0 and τv 52 (see Table S1 ) representing RC-elements in the model. Table S1 . Balloon model parameters in our testing framework 81
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Our rsNIRS recording via neurovascular coupling captures the hemodynamic fingerprint of a 104 hierarchical neural system having multiple inputs at local neuronal levels (ion channels -integrate 105 and -fire) and a single output converging as incoming signalling at the ROI level (Freeman et al.,  106 2003), each exhibiting scale-free correlations (Werner, 2010) . Consistent with this view, the incoming 107 network size and associated signalling were simulated using the sand pile square lattice model of Bak 108 et al. (Bak et al., 1987) , where the size of the network was defined by the size of the lattice and the 109 resting state incoming signaling by the random dropping of sand grains integrated as global response 110 over the lattice as follows. 111
112
We carried out in silico experiments in addition to demonstrate the link between global 113 temporal correlation, Ĥ(2) and focus (maximal variance, ln(Ŝσ(N))) to substantiate the observed 114 decrease in, Ĥ(2), and focus as manifestations of an age-related decline in incoming signaling. To 115 simulate regional temporal neurodynamics, we relied on a modified version of the cellular automaton 116 square lattice model (Bak et al., 1987) to allow its use in a small-world setting known to be a 117 fundamental feature of the human cerebrocortical neural network (Sporns, 2006) . To employ cellular 118 automata with a small-world instead of the regular lattice connection layout, adjacency matrices of 119 small-world networks were created according to the Watts-Strogatz method (Watts and Strogatz, 1998 
